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57 ABSTRACT 
The etch rate of phosphosilicate glass becomes lowered 
as boron ions are implanted therein. In accordance with 
the principle of the present invention, boron ions are 
implanted into a phosphosilicate glass film selectively in 
location or concentration and the thus boron-implanted 
phosphosilicate glass film is etched by an etchant, for 
example buffered hydrofluoric acid solution, to etch an 
intended portion of the phosphosilicate glass film prefer 
entially thereby defining a hole, such as a contact hole, 
or substantially flat surface. 

14 Claims, 11 Drawing Figures 
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ETCHING OF A PHOSPHOSILICATE GLASS 
FLM SELECTIVELY MPLANTED WITH BORON 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention generally relates to a process for man 

ufacturing a semiconductor device, and, in particular, to 
a wafer process in the manufacture of a semiconductor 
device using a phosphosilicate glass as an interlayer 
insulating or passivation film. More specifically, the 
present invention relates to a technique of etching a 
phosphosilicate glass film selectively ion-implanted 
with boron. 

2. Description of the Prior Art 
A wafer process in the manufacture of a semiconduc 

tor device having a phosposilicate glass (also referred to 
as PSG, hereinafter) film includes a step for forming a 
contact hole, via or a bonding pad, and a step for 
smoothing the surface by removing sharp steps. It is 
known that the etch rate of a phosphosilicate glass film 
against hydrofluoric acid (HF) is high but a boron phos 
phosilicate glass (also referred to as BPSG, hereinafter) 
film, which has been formed by the CVD method with 
boron contained in phosphosilicate glass, has a lower 
etch rate against HF as compared with the ordinary 
PSG film. However, in such a BPSG film formed by the 
CVD method, boron atoms are contained in the result 
ing film uniformly. 

Heretofore, no proposal has been made to utilize the 
fact of difference in etch rate depending on the amount 
of contents of boronatoms in a PSG film for processing 
the PSG film to form contact holes or the like. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to obviate the disadvantages of the prior art as 
described above and to provide an improved wafer 
process utilising implantation of boron atoms into a 
phosophosilicate glass. 
Another object of the present invention is to provide 

an improved wafer process to form holes, such as 
contact holes and vias, in a phosphosilicate glass film by 
selective implantation of boron atoms into the film and 
etching. 
A further object of the present invention is to provide 

an improved wafer process to flatten the surface of a 
phosphosilicate glass film using the step of selective 
implantation of boronatoms into the film and the step of 
etching the film. 
A still further object of the present invention is to 

provide an improved process for manufacturing a semi 
conductor device. 
Other objects, advantages and novel features of the 

present invention will become apparent from the fol 
lowing detailed description of the invention when con 
sidered in conjunction with the accompanying draw 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a through 1c are cross-sectional views show 
ing the representative steps in a wafer process in accor 
dance with one embodiment of the present invention; 
FIG. 2 is a graph showing the distribution of im 

planted boron atoms along the depth of a PSG film; 
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FIG. 3 is a cross-sectional view showing the shape of 

a contact hole formed according to the typical prior art 
method; 
FIGS. 4a and 4b are cross-sectional views showing 

the representative steps in a wafer process in accor 
dance with another embodiment of the present inven 
tion; 
FIGS. 5a through 5c are cross-sectional views show 

ing the representative steps in a wafer process for flat 
tening the surface in accordance with a further embodi 
ment of the present invention; and 
FIG. 6 is a graph showing how the etch rate varies 

depending on the amount of boron implants in a phos 
phosilicate glass. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance with the principle of the present inven 
tion, boron ions are selectively implanted into a phos 
phosilicate glass film formed on a semiconductor struc 
ture, and the boron-implanted PSG film is then sub 
jected to etching to form a desired pattern, such as a 
contact hole, utilizing the fact that the etching rate of a 
PSG film varies depending on the amount of boron 
implants. Described more in detail, as shown in FIG. 6, 
the etch rate of a phosphosilicate glass film varies de 
pending on the amount of boron ions implanted therein, 
and, as shown there, the etch rate decreases as the 
amount of boron implants increases. Thus, if boron ions 
are implanted selectively into a phosphosilicate glass 
film, those portions of the film having higher concentra 
tions of boron implants are etched at slower rates as 
compared with those portions having lower concentra 
tions or no boron implants. Stated differently, the etch 
rate of a phosphosilicate glass film can be lowered by 
introduction of boron implants therein. 

First, a description will be made with reference to 
FIG.3 as to how a contact hole is formed in a phospho 
silicate glass film when it is subjected to etching accord 
ing to the prior art. When forming a hole, such as a 
contact hole, in a phosphosilicate glass film, according 
to a prior art technique, a resist pattern is formed on a 
phosphosilicate glass film which is then etched using 
the resist pattern as a mask. The resulting hole is shown 
in FIG. 3, and, as shown, it has a concave side surface. 
In the structure shown in FIG. 3, 2 indicates a silicon 
substrate or polysilicon layer, 4 a thermally grown 
oxide film, 6 a phosphosilicate glass, 8 a resist layer, 10 
a hole, such as a contact hole. After formation of the 
hole 10, it is typically filled with an electrically conduc 
tive material to form a metal layer. But, since the top 
edge a of this hole 10 is very sharp so that there is a 
danger that the metal layer becomes disconnected at the 
edge a. 
Now, referring to FIGS. 1a through 1c, it will be 

described as to a wafer process for forming a hole, such 
as a contact hole, in accordance with one embodiment 
of the present invention. It should be noted that like 
elements are indicated by like numerals throughout the 
present specification and the drawings. 
As shown in FIG. 1a, there is provided a semicon 

ductor structure including a silicon substrate 2 in which 
various active devices may be formed, for example, by 
diffusion of selected impurities. The element indicated 
by numeral 2 could be a polysilicon layer formed on 
such a silicon substrate. On the silicon substrate 2 is 
formed a thermally grown film 4 of silicon dioxide, and 
a phosphosilicate glass film 6 is formed as deposited on 
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the silicon dioxide film 4. Preferably, the phosphosili 
cate glass film 6 is formed by a standard temperature 
CVD method and it has the phosphorous concentration 
of 8 mole %. 
Then, boron ions (B) are implanted into the phos 

phosilicate glass film 6 from the exposed surface of the 
film 6. It is to be noted that the boron ions 12 are im 
planted deeply thereby defining a distribution of in 
planted boron atoms as indicated by a profile 14 shown 
in FIG. 2. Thus, it can be generally said that the deeper 
the depth from the exposed surface of the film 6, the 
higher the concentration of implanted boron atoms 12. 
This indicates that the etch rate of phosphosilicate glass 
film 6 becomes lower as the depth from the exposed 
surface increases. In the preferred embodiment, this 
step of boron ion implantation is carried out at the en 
ergy level of 200 KeV or above with the dose of 
1x1017 ions/cm2 or more. 
After the ion implantation, the entire structure is 

heated to a temperature ranging from 900' C. to 1,000' 
C. in an atmosphere of H2/O2 thereby causing the phos 
phosilicate glass film 6 to reflow to minimize the exist 
ing steps in the exposed surface. Thereafter, as shown in 
FIG. 1b, a resist pattern 8 is formed on the phosphosili 
cate glass film 6. Then, using the resist pattern 8 as a 
mask, the phosphosilicate glass film 6 is etched, for 
example, by 15:1 buffered HF solution. It is to be noted 
that the etch rate against 15:1 buffered HF solution is 
1,310 angstroms/min for phosphosilicate glass having 
no boron implants; whereas, the etch rate is 570 ang 
stroms/min for phosphosilicate glass having boron ions 
implanted at the dose of 1X107 ions/cm2. It is thus 
clear that the etch rate is reduced approximately to a 
half by having boron ions implanted into the PSG at 
dose of 1x1017 ions/cm2. As a comparison, the etch 
rate of a thermally grown silicon dioxide film under the 
same etching conditions is 400 angstroms/min. 
As described previously with reference to FIGS. 1 a 

and 2, since the phosphosilicate glass film 6 has the 
distribution of implanted boron ions as indicated in 
FIG. 2, the etch rate gradually becomes lower as the 

... etching proceeds deeper, and, therefore, when the 
structure shown in FIG. 1b is subjected to etching, 
there is obtained a structure as shown in FIG. c. In this 
case, since the etch rate is higher near the exposed sur 
face, the phosphosilicate glass film 6 is etched more 
closer to the exposed surface so that there is formed a 
hole 16 whose side surface is generally convex as con 
trasted to the generally concave side surface of the hole 
10 formed according to the prior art as shown in FIG. 
3. Thus, the resulting hole 16 has a top edge b which is 
less sharp so that the problem of possible disconnection 
of a metal layer formed thereon is completely elimi 
nated. 

Referring now to FIGS. 4a and 4b, there is shown a 
wafer process for forming a hole, such as a contact hole, 
in accordance with another embodiment of the present 
invention. As shown in FIG. 4a, there is provided a 
semiconductor structure including the silicon substrate 
2, thermally grown insulating film 4 of silicon dioxide 
and phosphosilicate glass film 6. And, a resist pattern 18 
is formed on the phosphosilicate glass film 6 at a loca 
tion where a contact hole is to be formed. Then, using 
this resist pattern 18 as a mask, ion implantation is car 
ried out to have boron ions (Bt) implanted into the 
phosphosilicate glass film 6 except that portion which 
underlies the resist pattern 18. In the preferred embodi 
ment, this ion implantation is carried out at the energy 
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4 
level in the order of 50 KeV at the dose of 1 x 1017 
ions/cm2 or more. 
As a result of this ion implantation, the phosphosili 

cate glass film 6 becomes implanted with boron ions 
except those portions masked by resist patterns, such as 
the one 18 shown in FIG. 4a. Thus, those portions of 
the phosphosilicate glass film 6 which are not covered 
and thus implanted with boron ions have a decreased 
etch rate as compared with those portions of phospho 
silicate glass film 6 which are covered and thus not 
implanted with boron ions. 
Then, the resist pattern 18 is removed and the entire 

structure is heated to a temperature ranging between 
900' and 1,000 C. to have the surface of phosphosili 
cate glass film 6 smoothed by reflow. Then, the entire 
exposed surface of the phosphosilicate glass film 6 is 
subjected to etching, for example, with 15:1 buffered 
HF solution. As a result, there is obtained a hole 20 in 
the phosphosilicate glass film 6. As mentioned previ 
ously, that portion of the phosphosilicate glass film 6 
which is covered by the resist pattern 18 is not im 
planted with boron ions and thus this portion has a 
higher etch rate as compared with that portion of the 
film 6 which is implanted with boron ions so that the 
portion underlying the resist pattern 18 is etched away 
completely while the rest is etched very little thereby 
forming the hole 20. In this instance, if it is so controlled 
that the implanted boron ions define a distribution pro 
file as shown in FIG. 2, the film 6 is etched more as 
closer to the exposed surface so that the top edge of the 
hole 20 may be defined to be less sharp. 

In manufacturing a semiconductor device having a 
dual-layer polysilicon structure or dual-layer metal 
structure, steps in the surface present problems. Such 
steps have been removed customarily by heating the 
entire structure to an elevated temperature, e.g., 
900-1,000 C., to cause a PSG film to reflow thereby 
smoothing the surface. However, such a conventional 
approach to reflow a PSG film to eliminate steps in the 
surface is not satisfactory. 

Referring now to FIGS. 5a through 5c, there is pro 
vided a wafer process for smoothing the exposed sur 
face of a phosphosilicate glass embodying the present 
invention. As shown in FIG. 5a, there is provided a 
semiconductor structure including the silicon substrate 
2 and the thermally grown insulating film 4 of silicon 
dioxide. A polysilicon layer is formed on the insulating 
film 4 and then it is patterned to define a polysilicon line 
22. If desired, using this polysilicon line 22, source and 
drain regions may be formed in the silicon substrate 2 in 
a self-aligned fashion. Then, across the surface of the 
insulating film 4 and the polysilicon line 22, there is 
formed the phosphosilicate glass film 6, for example, 
having the phosphosilicate concentration of 8 mole % 
as deposited thereon, for example, according to the 
standard temperature CVD method. Since the film 6 
overlies the polysilicon line 22, there is formed a projec 
tion 24 there. Then, a resist pattern 26 is formed on the 
projection 24 of the phosphosilicate glass film 6, and, 
then, using this resist pattern 26 as a mask, boron ions 
(B+) are implanted into the photsphosilicate glass film 6 
so that boron ions are implanted into that portion of the 
phosphosilicate glass film 6 which is not covered by the 
resist pattern 26. 

It is to be noted that the projection 24 of phosphosili 
cate glass film 6 is larger in size than the polysilicon line 
22 approximately by 1 micron. Thus, the resist pattern 
26 serving as a mask should be formed such that it is 
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larger in size than the underlying polysilicon line 22 
approximately by 1 micron. 

Thereafter, the resist pattern 26 is removed by any 
conventional method, and, then, the entire structure is 
heated to an elevated temperature ranging from 900 C. 
to 1,000 C. thereby causing the phosphosilicate glass 
film 6 to reflow so that the exposed surface of the phos 
phosilicate glass film 6 becomes smoothed to some ex 
tent. Thereafter, the entire exposed surface of the phos 
phosilicate glass film 6 is subjected to etching, for exam 
ple, by using 15:1 buffered HF solution for about 5 
minutes. Since the projection 24 of phosphosilicate glass 
film 6 has not been implanted with boron ions, this 
portion can be etched at a higher rate as compared with 
the rest so that, as a result of this blanket etching step, 
the projection 24 can be etched away while keeping the 
rest etched very little. Accordingly, there is obtained a 
substantially flat surface as shown in FIG. 5b as a result 
of this etching step. It should be noted that the ion 
implanting conditions may be set easily by one skilled in 
the art so as to obtain a substantially flat surface as 
indicated in FIG. 5b as a result of this blanket etching 
step. 
On the surface of the flattened phosphosilicate glass 

film 28, a film 30 of silicon dioxide is formed, for exam 
ple, by the CVD method. Then, a commonly used 
method can be applied to define a contact hole or metal 
ization to complete a semiconductor device having no 
steps and disconnections in interconnections. 

It is to be noted that the structure shown in FIGS. 5a 
through 5c has a single polysilicon layer, but the present 
invention can also be applied to a semiconductor struc 
ture having a multi-layer polysilicon or metal intercon 
nection. Since steps are more appreciable in a multi 
layer interconnection, the present invention is, in fact, 
more advantageous when applied to such a multi-layer 
interconnection. 
While the above provides a full and complete disclo 

sure of the preferred embodiments of the present inven 
tion, various modifications, alternate constructions and 
equivalents may be employed without departing from 
the true spirit and scope of the invention. Therefore, the 
above description and illustration should not be con 
strued as limiting the scope of the invention, which is 
defined by the appended claims. 
What is claimed is: 
1. A process for forming a hole in a phosphosilicate 

glass film formed on an underlying structure, compris 
ing the steps of: 

introducing ions of selected material into said phos 
phosilicate glass film so as to define a desired con 
centration profile of said ions in said film, said ions 
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of selected material causing to lower an etch rate of 55 
said phosphosilicate glass film when introduced 
therein; 

forming a mask having a desired pattern on said phos 
phosilicate glass film; and 

etching said phosphosilicate glass film to define a hole 
therein using the pattern of said mask. 

2. The process of claim 1 wherein said selected mate 
rial includes boron. 

3. The process of claim 2 wherein said concentration 
profile is such that the concentration of introduced 65 

6 
boron ions generally increases as it goes deeper from the 
exposed surface of said phosphosilicate glass film. 

4. The process of claim 3 wherein said step of intro 
ducing is carried out by ion implantation. 

5. The process of claim 4 wherein said ion implanta 
tion step is carried out at the energy level of 200 KeV or 
more at the dose of 1 x 1017 ions/cm2 or more. 

6. The process of claim 5 wherein said step of etching 
is carried out using 15:1 buffered hydrofluoric acid 
solution. 

7. A process for forming a hole in a phosphosilicate 
glass film formed on an underlying structure, compris 
ing the steps of: 
forming a resist pattern on the surface of said phos 

phosilicate glass film at a location where said hole 
is to be formed in said phosphosilicate glass film; 

introducing ions of selected material into said phos 
phosilicate glass using said resist pattern as a mask, 
said ions of selected material causing to lower an 
etch rate of said phosphosilicate glass film when 
introduced therein; 

removing said resist pattern; and 
subjecting the entire exposed surface of said phospho 

silicate glass film to a selected etchant thereby 
causing that portion of said phosphosilicate glass 
which was covered by said resist pattern during the 
step of introducing to have that portion etched 
away at a faster etch rate than the rest. 

8. The process of claim 7 wherein said step of intro 
ducing includes an ion implantation step for implanting 
boron ions into said phosphosilicate glass film where 
not covered by said resist pattern. 

9. The process of claim 8 wherein said ion implanta 
tion step is carried out at the energy level in the order of 
50 KeV with the dose of 1 x 1017 ions/cm2 or more. 

10. The process of claim 9 wherein said selected etch 
ant is 15:1 buffered hydrofluoric acid solution. 

11. A process for flattening an exposed surface of a 
phosphosilicate glass film formed on an underlying 
structure having a raised portion at its top surface, said 
phosphosilicate glass film defining a projection corre 
sponding to said raised portion, comprising the steps of: 
forming a resist pattern as covering at least said pro 

jection of said phosphosilicate glass film; 
introducing ions of selected material into said phos 

phosilicate glass film using said resist pattern as a 
mask, said ions of selected material causing to 
lower an etch rate of said phosphosilicate glass film 
when introduced therein; 

removing said resist pattern; and 
subjecting the entire exposed surface of said phospho 

silicate glass film to a selected etchant thereby 
causing said projection of phosphosilicate glass 
film to be etched away partly at an etch rate higher 
than the rest to thereby define a substantially flat 
surface. 

12. The process of claim 11 wherein said resist pattern 
extends laterally over a predetermined distance beyond 
the edge of said raised portion. 

13. The process of claim 12 wherein said predeter 
mined distance is approximately 1 micron. 

14. The process of claim 12 wherein said step of intro 
ducing includes a step of ion implantation using boron 
as said selected material. 
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